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COLOUR-SINGLET EXCHANGE
PROCESSES IN PHOTOPRODUCTION

Soft photoproduction is very similar to soft hadron-hadron
interactions (VDM).
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With the H1 Detector. all four processes can be measured

both in photoproduction and at high 0=,



Diffractive and Non-Diffractive Exchanges

e We define Diffraction = IP exchange.
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e Leading and sub-leading exchange
contributions are indistinguishable on an
event by event basis.

e There can even be interference (e.g. IP/f).

e The sub-leading contributions are generally
much more complicated than the pomeron

exchange contribution.
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Dgﬁlﬁtfon of the Measured Cross Section

To ensure model independence, the measured cross section

is defined in terms of physical observables.

1.e: At the hadron level.

My

Largest Rapidity Gap
in Final State

My

<t/

e All final state particles are first ordered in rapidity.

e X and Y are, by definition, separated by the largest
gap in this rapidity distribution.

» Where M, and M, are small, a large rapidity gap is

forced kinematically, giving a clear separation

between X and Y.

d .
U(‘clfl’t';;’zxy) is measured at fixed values
X

of W, integrated over ranges in M, and ¢.

The cross section

The “diffractive” contribution is extracted from this

measured cross section with varying model assumptions.
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Data Samples

NOMINAL SHIFTED
TRIGGER VERTEX VERTEX
(20 =~ +5 cm) (z0 ~ 470 cm)

eTag X ToF 2474+ 0.4nb”™" | 23.84+ 1.3 nb™}!

eTag X vertex | 22.8 +0.4 nb~1

The ToF trigger gives high efficiency throughout the
M, , M, range.

The vertex trigger provides cross checks at large M .

Two minimally biased photoproduction samples are
obtained with (W) = 187 GeV and (W) = 231 GeV.

Rapidity gap selections are applied to obtain samples
with small M, and M, .

Monte Carlo Models

Averages of PHOJET and PYTHIA Monte Carlo
models are used to correct the data.

Both are based on the VDM and Regge theory.

Both contain all four colour-singlet exchange and

non-colourless exchange processes.

The M, distributions and ratios of sub-processes in
both Monte Carlos are weighted to best match the

results of the measurement.



Reconstruction of Invariant Masses

M, and M, are reconstructed using an energy
flow algorithm that takes account of tracking and
calorimeter information without double counting.
M, is reconstructed in a manner that is

insensitive to losses in the backward direction
where £ ~ —p,.
M2=2yX+Q*+t ~ 2E,(E+p:),

Where there is significant activity from Y in the
main detector, M, is reconstructed in a similar
manner, but insensitive to losses in the forward

direction where E' ~ p,.

\[3 =2p.Y — mf) +t ~ 2E,(E —p:),
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Selection of Intervals in M,  « o «b.

The cross section a%;-’y is measured in two ranges
X

of M, and ¢:
1) M, <1.6GeV, |t| <1 GeV? (~ GD, EL)

® Nmax < 3.2.

e No Proton Remnant Tagger hits.

e < 1 Forward Muon pre-toroid pairs.
 With these cuts, there is a pseudo-rapidity gap

spanning at least 3.2 S5 < 7.0.

2) 1.6 < M, < 15.0 GeV, all |¢| (~ DD, PD)

o A sap of > 2 pseudo-rapidity units in the

main detector.
o Activity in either the PRT or the FMD.

o If the largest gap in the main detector is not

at forward himit of acceptance.

M =2E,(E - p.), <15.0 GeV.
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Comparison of Measurements of M2 391\-},-
X

Using Different Data Samples,
164 < W < 212 GeV.
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The two ToF samples are combined to produce

the final cross sections.



Final Cross Sections dM, < _(vp & XY)

[ ———— o My < 1.6 GeV, Il < 1 GeV?
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The measured cross sections closely resemble
hadron-hadron data (except in overall normalisation):

e In both ranges of M , there is an approximate

d‘gfg ~ .Ul-z dependence {but see later).
X X

e When both M, and M, are small (EL region), there
is a considerable enhancement compared to this.

o At large M, , the M, dependence is noticably
shallower than that at small M. . Sw:, 0300067019



A Triple Regge Model for the data with
M, < 1.6 GeV

The low M., sample is likely to be heavily
dominated by the process, yp — Xp.
A constant correction factor is applied:

x (0.90+0.06

Moo L6 GeV — Yoois oo b nmronn
[Assuueﬁ ONL‘fYSTATES HITH I:'Q,T;-_w'/a. Conmlswm]
AP
iz N el

. : i 1= 1y el cp ohon, O N
In order to investigate boththé' M; X“ﬁnﬁ”ﬁhemﬁ
dependence of the cross section, a simnulataneous

fit is performed to H1 and fixed target data.
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F=—0.03 GeV'~-
ar 1= 129 GeVoand 1T = 133 GV

Only data with M i‘ > 4 GeV? are considered.
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Triple Regge Formalism

For W? — oo, t/W? — 0, the W dependence of a process
~+p — Xp may be expressed in terms of a sum of t-channel
Regge exchanges.

Y X

p P

Mueller's generalisation of the optical theorem relates the
sum of processes ~a;(t) — X at fixed M to the forward

amplitude for ~a; (¢) > ot

X

|
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Then for W2 3» M7 > m2,t, both the W2 and M2
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Pomeron exchange: e (0]~ 0N+ 0,251
Meson (f, w, a, p) exchange: a, (0) ~ 0.55 + 1.90¢
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Deaialtieters,

e The remaining parameters required are obtained from

other data:
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Dot
Quantity Assumed Value

agr(0) || 055 40.10 e

o 026 +0.02 GeV—2 | fxof

al 0.90 0.10 Gev=2 | F7 %
Cv

by 23 403 GeV~2 e

byR 1.0 1.0 GeV~?2
b;ik 0.0 +1.0 GeV~2
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e C- and G- parity must be conserved at the 217k vertex.
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Triple Regge Fit

e [PIPIP, IPIPIR, RIRIP, IRIRIR terms.

o N dntertereriee Roucury Eauvacewt
To I'R =W,
e No isospin-1 exchange.
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Triple Regge Fit

e PIPIP, PIPR, RRIP, RIRIR, IPRIP, IPIRIR terms.
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e No isospin-1 exchange.

x?/n.d.f = 19.9/30.
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Triple Regge Fit

o IPIPIP, IPIPIR, RRIP, RIRIR terms.

e o laterterence,
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Further Results from the Fits

The three (its performed give a fair retection of the

theoretical uncertainites in the sub-leading contributions.

Averaging the results with the three different assumptions
and including the variation in the model dependence

uncertainty:

cem il = RS S E R R DS T I Bt B LN A R S e L DEITIR O

Integrating the diffractive (IP exchange) contribution to
vp = Xp for 4 GeV? < ﬂx[‘r;:, < 0.05W2 at (W) = 187 GeV
yvields: _

Including the resonance region, we obtain for
0 < M7 <0.05W? at (W) =187 GeV

I3 P .
S SRS Bl B R RN L AN B SN S AU B mlis Ploboer,

This represents a fraction of the total vp cross section

- T [ -
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The diffractive contribution at (W) = 14.3 GeV varies by
a factor > 2 depending on the assumptions regarding the

sub-leading terms.



Conclusions

The cross section for ~p — XY behaves similarty to rhar
for prodiction of low mass states in hadron hadron

intercations.

e There is a pronounced “elastic” peak where
M, ~ M, and M, ~ Mp.
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Both the W and the M dependeuce of the cross section

for ~p — X p can be described In a triple Rewae model.

e The dominant exchange at W~ ~ 200 GeV is the I’

¢ The value obtained [or ag (0) is consistent with that
desribing total and elastic hadronic and

photoproduction cross sections.
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Triple Regge Fits

. Pomeron only (IPIPIP)

-

1t . RN
Woobedb o AEa i S B

. Diffraction only (IPIPIP and [PIPIR)

\") SRR U B T G LR
No Interference (IPIPIP, PIPIR RRIP and IRIRIR) -
Roughly equivalent to R = =

~ Aaximal Constructive Interference (IPIPIP. IPIPIR

RIRIP. RRIR IPIRIP. IPIRIR. [nterference terms

constrained by non-interference terms)
Roughly equivalent ro R =1

- . I+ -k - :‘=; i
3 RN IR — Y ._)I.-

AN

. Isospin or Charge exchange in H1 data, so IR

exchange terms are normalised differently [roiu low
energy data - (IPIPIP, IPIPR RIRIP. RIRIR)

Roughly equivalent to / = 1L IR — p/ «
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